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In  co n tinuation  o f our earlie r study o f th e  infrared and Raman spectra o f substitu ted  
pyrid ines (M e d h i 1 9 7 7 , 1 9 8 2 , 1 9 8 3 , 1 9 8 4 ), th e  v ib rational spectra o f 4 -cyan o ­
pyrid ine  have been investigated  in th is  com m unication. Spinner (1 9 6 3 ) measured  
th e  in frared spectrum  o f th e  m olecule in a very lim ited  range. The infrared  
and sim ple Raman spectra o f th e  m elt or so lu tion  of 4-cyan o pyrid in e  w ere  
measured by Green and Harrison (1 9 7 7 ) and a v ibrational assignm ent based on  
com parison w ith  th a t o f benzonitrile  (G reen and Harrison 1 9 7 6 ) w as  g iven . For 
th e  com putation  of th e  therm odynam ic q uan tities  o f th e  m olecule, an accurate  
kn ow led g e  o f th e  fundam ental frequencies is necessary. Assignm ents o f the  
observed frequencies based on th e  s ta te  o f p o lariza tio n  o f th e  Raman lines and 
com parison w ith  the assignm ents proposed for related m olecules (G reen et al 1963 , 
Long and G eorge 1 9 6 3 , Berezin and E lkin  1 973 , Long and B ailey 1 9 6 3 ) are g iven  
in th e  present paper, and are com pared w ith  the previous assignm ents (G reen and  
H arrison 1 9 7 7 ). The  ideal g as -s ta te  therm odynam ic functions o f  th e  m olecule on  
th e  basis o f th e  present assignm ent have been ca lcu la ted .
The p o la riza tio n  o f th e  Raman lines w a s  m easured in th e  m e lt. The observed  
infrared frequencies and Raman sh ifts  o f 4 -cyanopyrid ine  together w ith  th e ir  
re lative  in ten s ities  and assignm ents are co llected  in Tab le  1. Tab le  2  lis ts  the  
therm odynam ic  functions.
The m olecu le  o f 4 -cyan o pyrid in e  belongs to  Cg„ po in t group sym m etry, and its  
3 0  norm al v ib ra tio n s  d iv id e  in to  various species as :
110i +  10bs-l-3oB-l-6bi
A ccord ing  to  th e  selection rule a ,  species is inactive in th e  infrared spectrum .
There appear on ly  three frequencies b e lo w  4 0 0  c m '^  in th e  case o f 4 -cyan o ­
p yrid ine , w hereas  five  fundam entals  are expected in th is  reg ion . Green and  
H arrison  (1 9 7 7 ) assigned th e  Raman lines at 172  cm~*^ to  th e  C  -  N  in -p lane bending
3 0 7
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m o d e (bg) and 3 7 6  cm~^ (present va lu e ) to  a su bstitu en t-sen s itive  m ode. In  
th e  case of p yrid ine  and 4 -m e th y l and 4 -h a lo g en  s u b s titu ted  pyrid ines th e  frequency  
Table I. Vibrational frequencies and assignments lor 4-cyanopyridine.
Infrared (cm'O Raman shift (cm~‘) AssignmentThin film Solution Melt Single crystal
z — _ 120 (s) ( 130 (mw)) Lattice mode
149' (s) 145* 144 (s) (^ ) , C N out-of-planedeformation
170’ (s) - 172 (16) dp 190 (5) U , (b.), 16b(bJr 18b
(M rC ~N
368' (mw) — 376 (1) dp 374 (w) in-plane defor- |mation(oJr 16o
455 (mw) 455 (27) p 455 (mw) ^^6 (0 1 ) ^ 6 0  1
548 (3) dp (Aa) 1
563 (vs) 563 (6) dp 560 (ms) \
610 613 (w) — — (61) \
660 668 (w) 669 (11) dp 667 (ms) (b J ,  6b '
726 711 (mw) — — (i>i)» 4
761 — 748 (2) p 2xv, (A.)
775 — 775 (25) p 775 (ms) ‘'lO (Ol)r 12
827 824 (vs) 822 (1) dp 829 (w) 1^ .. (b j ,  10b
871 (wj — — ^1  ^ (0 J r lOO
887 (w) — — «^ir ('^1)
911 911 (vw) — (bJ, 5
929 934 (mw) 938 (2) p — (BJ
970 965 (mw) 980 (h) 977 (w) .^4 (0Jr 17a
987 991 (s) 990 (100) p 987 (s)  ^1 5 (  ^J  r 1
1035 1042 (w) — — + (>li)
1080 1065 (ms) 1067 (3) p 1073 (w) i 'ln  (Oi)r 18a
1078 (mw) 1092 (1) p + (^1)
1107 1102 (mw) 1108 (1) p — ( ^ J r l5
1125 (1) p - 2X1., (AJ
1200 1194 (ms) 1193 (78) p 1192 (ms) (Oi)r 9a
1208 (s) — 1209 (h) (b J ,  3
1218 (ms) — — + (8 J
1235 1226 (ms) 1233 (3) p 1235 (w) ■^20 (a Jr 13
1250 1245 (w) — — (8 J
1332 13 23  ( w ) 1326 (2) dp 1335 (w) (b j,  14
1369 1354 ( w ) — — ^i'hv^s (6 J
1410 1407 (vs) 1407 (1) dp 1412 (w) (8Jr 19b
1434 1428 (mw) — — (fiJ
~ — 1462 (1) p 1463 (w) + (^i)
1493 1487 (ms) 1488 (11) p 1494 (w) *^ .1 (fl J .  19fl
The  s tu d y  o f  the  In f ra re d  etc  
Table 1. (Contd.)
Infrared (cm' ‘) Raman shift (cm MThin film Solution Melt Single crystal
1542 1552 (s) 1547 (1) 1542 (w)1588 1591 (vs) 1591 (33) p 1592 (ms)1615 1623 (w) — _ .
1716 1684 (mw)
1748 1750 (w) — _ .
1797 1778 (w) _
1856 1848 (w) ~ _
1969 1939 (mw)
2045 2037 (w)
2071 2073 (w) —
2153 2153 (w) ,—
2187 2191 (w) 2185 (4) p 2177 (ms)2240 2244 (ms) 2237 (60)p 2242 (s)
2312 2308 (w)
2408 2406 (w) 2415 (1) p _
2724 2744 (w) — _
2780 2780 (w)
2888 2882 (mw) — 2892 (w)2918 2912 (w) —
2982 2984(w) 2967 (7) p 2974 (w)3022 3030 (mw) 3033 (12) dp 3027 (mw)3040 3052 (ms) 3052 (h) 3047 (ms)3076 3066 (ms) 3067 (99) p 3665 (ms)3088 3082 (mw) 3091 (16) dp 3085 (w)3130 3142 (w) — 3159 (w)3200 - 3179 (6) p —
3416 3425 (w) — _
3530 — — _
3605 — — _
3684 _
3754 _ _
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Assignment
8b
■> (o I 8fl
B *^J • (8 -j)
I 2 ( ^ i )
^  ^  ^ (A| )
+  (6 ,)  
(B,)
(A,)
(^ e. f  (A ,) 
(B,)
 ^ (A ,)
(A ,) 
(B.)
l^I,. +  t',H (A ,)
^ 2 . ( o . ) ,C  N stretching
*^n^ (B.)
11. I" *^ 'io (A ,)
»^2 1 +  ^72 (A ,)
W  ^J 0 (A, )
a * C®2 )
(B j)
2X 1.,, (A .)
>^27 (b ,) , 7fa 
I'lH (O i), 20a 
(O i), 2
*^ .to (^a)^ 20b 
‘^ 24 +  i'a'i ( f l j )
2X1^, ,  (A ,)
^4 + 2^L. (flv)
r^, "i"l.‘jiB (A |)
^7 + 2^® (B.)
+ (A,)
’' +^110 (A i‘)
'‘Observed in pellet.♦ Taken from Green and Harrison (1977).
occuring in th e  range 3 7 5 -3 9 0  c n r ^  w as  assigned to  the lo w est pyridyl m ode  
(G reen et 0 / 1963 , Long and George 1 963 ), Moreover, in aceto n itrile  th e  C - C  =  N  
in -p lane bending occurs at 3 8 0  c m '^  (Herzberg 1 966 ). On the basis o f these  
assignm ents it appears reasonable to  assign the depolarized Raman sh ift a t
3 7 6 c m - M o t h e C - N  bending mode (b J . Similarly, the depolarized Raman shift
at 172  c m - i  and th e  corresponding strong infrared band a t 1 7 0 c m -»  are assigned
to  both b i  and substituen t-sensitive  bg nnodes. The la tte r m ode w as  assigned by
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Green and H arrison (1 9 7 7 ) to  th e  depolarized Raman line at 5 4 8  c m " i w h ich
appears to  be q u ite  h igh . The assignm em  o f th is m ode (bg) to  a frequency near
3(X) cm "^ in m ethyl and halogen su bstitu ted  pyrid ines (G reen et a l  1 9 6 3 , Long and
G eorge 1 9 6 3 ) confirm s th e  present assignm ent. The  frequency 5 4 8  c m " ’  ^ can be
exp la ined  as th e  sum band 1 7 2  +  3 7 6  -  5 4 8  ( ^ , ) . The Raman line at 9 3 8  cm"*^ is
Table 2. Thermodynamic functions of 4-cyanopyridine If
Tempera- C'-* (H “ - ES) - ( f “ -ES)ture P T T
K cal K \m o l“* cal mol“* cal K'* mol“ ‘ cal K"* mol *
200 18.74 12.57 70.35 57.78
250 22.17 14.15 74.89 60.75
273.1 23.80 14.89 76.93 62.04
298.1 22.56 15.72 79.09 63.38
300 25.68 15.78 79.25 63.47
400 32.30 19.10 87.56 68.47
500 37.87 22.31 95.39 73.08
600 42.39 25.30 102.70 77.41
700 46.06 28.01 109.50 81.52
800 49.09 30.46 115.90 85.42
900 51.63 32.68 121.80 89.14
1000 53.77 34.68 127.40 92.69
1100 55.59 36.50 132.60 96.08
1200 57.14 38.16 137.50 99.33
1300 58.47 39.67 142.10 102.40
1 400 59.62 41,06 146.50 10^.40
1500 60.61 42.33 150.60 108.30
*ldeal gas state at standard pressure of 1 atm.
observed to  be po larized . So it cannot be assigned to  an fundam ental (G reen
and Harrison 1 9 7 7 ). Instead, th e  very w e a k  in frared band at 87 1  c m '^  appears to  
be a reasonable assignm ent for th is  <mode.
O ther a ltera tion s suggested are those in the assignm ents o f th e  C  -  H in -p lane  
bending m odes o f bg class. The strong infrared absorption a t 1208  cm "  ^ and the  
m oderate ly  intense infrared absorption at 1102  cm "^ are selected fo r these tw o  
m odes against th e  previous assignm ents (G reen and Harrison 1 9 7 7 ) o f 1 2 1 8  and  
1 0 7 8  cm " 1 to  those m odes on th e  basis o f in tensity and s im ilar assignm ents in the  
case o f y -p ic o lin e  (Long and G eorge 1 9 6 3 ). A  depolarized Raman line  at 1407 c m " i  
is n o w  observed. It  confirm s the previous assignm ent o f its infrared counterpart 
a t 1407  c m " ‘  (present va lu e ) to  th e  b^ species. The assignm ent o f the rem aining  
fu ndam enta ls  agrees w ith  the previous assignm ent (G reen and Harrison 1 9 7 7 ).
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A d d itio n a l frequencies observed in the Raman and infrared spectra are explained as 
com bination  bands or overtones o f th e  fundam ental frequencies.
Ideal gas s tate  therm odynam ic quan tities  o f 4 -cyanopyrid ine  have been 
calcu la ted  assum ing a rig id  ro tator and harm onic o sc illa to r approxim ation.
A l l t h e C - H  stretching v ib rations are w ell-reso lved  in the crystal spectra. 
N o  observable sp littin g  in frequency has been observed in th e  crystalline state  
in d icating  th a t the crystal fie ld  in teraction in th e  single crystal is w eak . M oreover, 
th e  assignm ents o f C  — C  =  N  bending m odes are ten ta tive  and y e t to  be confirm ed  
by s im ilar studies o f -C N ^ * *  substitu ted  cyanopyridine.
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